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Pheromones induce haploid cells of Saccharomyces cerevisiae to differentiate into a mating-competent state.
Stellp is one of several protein kinases required to transmit the pheromone-induced signal and to maintain
basal expression of certain mating-specific genes in the absence of pheromone stimulation. To identify
potential regulators of Stellp, we screened for suppressors that restored mating and basal transcriptional
competence to a strain with a conditionally functional Stellp. This screen uncovered a novel gene we call
MOT2, for modulator of transcription. A mot2 deletion mutation leads to modest increases in the basal
amounts of mRNA for several pheromone-responsive genes. Yet mot2 deletion does not affect the signal
transmission activity of the pathway in either the presence or absence of pheromone stimulation. Therefore, we
propose that Mot2p, directly or indirectly, represses basal transcription of certain mating-specific genes.
Because mot2 deletion mutants also have a conditional cell lysis phenotype, we expect that Mot2p regulatory
effects may be more global than for mating-specific gene expression.
The mating response pathway of Saccharomyces cerevisiae
informs cells of the proximity of a mating partner and induces
differentiation to a mating-competent state. Because this path-
way has been intensively studied, many of the signal transduc-
tion components and the key targets that control the transcrip-
tional and cell cycle arrest responses to pheromones are known
(Fig. 1). The process is initiated when the peptide pheromone
secreted by one cell type binds to its specific integral mem-
brane receptor on the opposite cell type (for a review, see
reference 21). Receptor activation causes dissociation of the G
protein subunits, Ga from G, (for a review, see reference 7).
By an unknown mechanism, free G 13, stimulates a phosphor-
ylation cascade that controls the activity of key targets of
transcriptional and cell cycle regulation.
Intracellular transmission of the pheromone-induced signal
involves Ste5p, a protein of unknown function, and at least five
protein kinases that function in the order Ste2Op, Stellp,
Ste7p, Fus3p/Ksslp (Fig. 1) (for a review, see reference 30).
Stellp (related to MAP/ERK kinase kinase [MEKK]) and
Ste7p (related to MEK) are part of the cascade leading to
mitogen-activated protein (MAP) kinase activation that is
conserved from yeasts to humans (39, 52, 55, 60, 67). Fus3p
and Ksslp, which are MAP-kinase family members, are redun-
dant for signal transmission leading to the transcriptional
activation of mating-specific genes (10, 20, 27, 28). These
effects are mediated by the Stel2p transcription factor (26, 29).
Fus3p has an additional function in promoting pheromone-
induced cell cycle arrest (27, 28). This arrest occurs by the
inactivation of three functionally redundant GI-specific cyclins
(Clnlp, Cln2p and Cln3p) that are required for G, function of
the Cdc28p kinase (66). One of the physiological targets of
Fus3p is Farlp, a pheromone-inducible phosphoprotein that
mediates inactivation of Cln2p and Clnlp (15, 48, 63).
The responsiveness of cells to persistent stimulation by
pheromones diminishes with time. This phenomenon, called
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adaptation or recovery, involves several different molecular
mechanisms. These include inactivation of the pheromone by a
specific protease, endocytosis and degradation of ae-phero-
mone receptor complex, and regulatory events that antagonize
signal transmission functions (14, 16, 24, 37, 49). One of these
last mechanisms involves inactivation of Fus3p by the recently
identified Msg5 protein phosphatase (24). Msg5 is structurally
similar to the CL100 protein phosphatase that regulates activ-
ity of MAP-kinase in human cells (3).
In a screen for dosage suppressors of a conditionally func-
tional Stellp, we identified MOT2, a negative regulator of
pheromone-responsive gene expression. This paper reports its
characterization and proposes a role for its product in main-
taining the appropriate level of mating-specific gene expression
in the absence of pheromone stimulation.
MATERIALS AND METHODS
Strains, media, and microbiological techniques. The com-
plete genotypes and sources of yeast strains used in this work are
listed in Table 1. Strain DH259 was used in the screen to identify
dosage suppressors of a conditional stell mutation. This strain
carries the stell-53A allele that causes cells to be temperature
sensitive for mating and other pheromone-induced responses
(32). The DNA sequence of stell-53A showed a single base
substitution that results in a proline-to-serine replacement at
amino acid position 626 (50). Throughout this paper, the
designation for this allele is stell-S626. Strain DH259 also
carries a FUSJ-lacZ gene integrated at the URA3 locus. The
FUSJ-lacZ gene is a convenient reporter for Stel lp-dependent
and pheromone-inducible transcription (52). Other stell condi-
tional alleles used in this study were stell-F121, stell-D548, and
stell-V703. These alleles were carried on the centromeric
plasmid (pNC160) in the stell-A6 FUSJ-lacZ::URA3 strain
E929-6C-28 (50-52). Haploid strains RC12-1C and RC12-20C
(mot2-A2::URA3::hisG stell-S626 FUSJ::lacZ::URA3) are
A4Ta and A Tat segregants, respectively, resulting from a
cross between strains C700-2 and DH259. Other strains are
isogenic to C699 and were constructed either by gene replace-
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TABLE 1. S. cerevisiae strains used in this study
Strain Genotype Source orreference
DH259 MATa his4-580(T leu2 trpl SUP4-3amn stell-S626 FUSl-lacZ::URA3 K. Tatchell
RC12-IC MATa his4-580"' leu2 trpl SUP4-3an ura3-52 stell-S626 FUSI-lacZ::URA3 mot2A2::hisG This work
RC12-20C MTot his4-580a"n leu2 trpl SUP4-3"a' ura3-52 stell-S626 FUSI-lacZ::URA3 mot2A2::hisG This work
D887-6D MATot can] ilv3 ura3 makiO F. Sherman
E929-6C-28 MATa cycl CYC7-H2 can] leu2-3,112 trpl-Al ura3-52 FUSI-lacZ::URA3 stell-A6 48
C699" MATa ade2-1 can1-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl K. Nasmyth
C699-2b MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl stel2A::LEU2 This work
C699-7b MATa ade2-1 can1-100 his3-11,15 leu2-3,112 trpl-1 ura3 ssdl mot2-A2::URA3::hisG This work
C699-9" MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl mot2-A2::URA3::hisG stel2A::LEU2 This work
C700" MATot ade2-1 can1-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl K. Nasmyth
C700-2" MATot ade2-1 can1-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl mot2-A2::URA3::hisG This work
C842" MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl K. Nasmyth
NAToc ade2-1 cani-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl
C842-2" MATa ade2-1 cani-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl This work
MATot ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl mot2-A2::URA3::hisG
C842-4" MATa ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl mot2-zA2::URA3::hisG This work
MATot ade2-1 canl-100 his3-11,15 leu2-3,112 trpl-l ura3 ssdl mot2-A2::URA3::hisG
a Strain C699 is identical to W303-1A.
" Strain is isogenic to C699.
ment or by appropriate crosses within the isogenic background
(Table 1).
Yeast media and genetic manipulations were as described by
Sherman et al. (56). The yeast spheroplast transformation
procedure described by Beggs (6) was used for transformation
of a yeast genomic DNA library into strain DH259. All other
yeast strains were transformed by the alkali cation method of
Ito et al. (36). Yeast chromosomal gene replacements were
done by the method of Rothstein (53) and were confirmed by
Southern blot analysis.
Various plasmid DNAs were selected and amplified by using
Escherichia coli DH5otF' (Bethesda Research Laboratories).
We used standard procedures for bacterial growth, transfor-
mation and plasmid DNA preparations (54). S. cerevisiae-E.
coli shuttle plasmids were recovered from crude yeast DNA
preparations by transformation into E. coli and selection for
ampicillin-resistant clones (34).
Isolation of stell dosage suppressors. We isolated dosage















FIG. 1. Model for the pheromone-induced signal transmission
pathway. The diagram shows the postulated relationship of signal
transmission components. The evidence supporting these relationships
has been the subject of a recent review (30). Arrows, activation or
stimulation; lines with bars, repression or inhibition.
number YEpl3 yeast genomic DNA library (44). Transforma-
tion of yeast strain DH259 (stell-S626 FUSJ-lacZ::URA3) with
1 ,ug of the YEp13 DNA library gave 25,000 colonies on
medium ( - Leu) that is selective for the vector LEU2 marker.
Half of these colonies were recovered from top agar by passage
through an 18-gauge needle into 10 ml of minimal synthetic
medium (SD). Cells were diluted and plated onto selective
medium ( - Leu) to a density of approximately 2,000 colonies
per plate. The resulting 32,000 colonies were tested for sup-
pression of the stell-S626 mutation.
We used the filter lift assay described by Breeden and
Nasmyth (10) to screen for DH259-transformed colonies that
had increased amounts of the reporter gene product, ,B-galac-
tosidase. Strain DH259 grown at a semipermissive temperature
(28°C) stains light blue in this assay after incubation of the filter
at 37°C for 45 min with the chromogenic X-Gal (5-bromo-4-
chloro-3-indolyl-3-D-galactopyranoside) substrate (Ba Chem,
Torrance, Calif.). Transformed colonies that stained a darker
blue than the control strain were scored as positive for having a
potential suppressor plasmid. One-hundred-two positive colo-
nies from this primary screen were picked directly from the
filters and subcloned onto -Leu plates. The subclones were
retested by the filter assay for 3-galactosidase production.
Thirty-five of the original isolates retested positive on the second
screen.
The DH259-transformed colonies that showed increased
3-galactosidase production were then tested for mating com-
petence by the patch test. Mating mixtures of the different
transformed colonies (MA4Ta stell-S626) with tester strain
D887-6D (MAToh) were incubated at the nonpermissive tem-
perature (34°C) for the stel l mutation. Thirty-three of the 35
isolates scored positive for mating at 34°C.
Plasmids DNAs from the clones that scored positive in both
assays were recovered from yeast DNA preparations and were
retested in strain DH259 to confirm their suppression pheno-
type. The positively scoring transformed strains were then
further characterized by quantitative mating response pathway
assays (52, 69).
Recombinant DNA techniques. We performed recombinant
DNA manipulations according to standard procedures (54).
Enzymes were purchased from New England Biolabs, Be-
thesda Research Laboratories or U.S. Biochemicals. Oligonu-
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FIG. 2. Restriction map of the MOT2 locus. The thick arrow
delimits the Mot2p coding sequence and indicates the 5'-to-3' orien-
tation of the transcription unit. The bars above the diagram delimit
MOT2 containing inserts of two clones from the YEp13 yeast genomic
library. The bars below the diagram indicate fragments (a, b, c, and d)
used to manipulate MOT2 as described in Materials and Methods. The
locations of selected restriction sites are shown: BamHI (B), BglII (G),
EcoRI (E), HindIII (H), PstI (P), Sacl (Sc), SmaI (Sm), and XhoI (X).
cleotides were made by automated synthesis at the oligonucle-
otide facility in the Department of Pathology at the University
of North Carolina.
DNA sequence analysis of MOT2. A directed deletion strat-
egy was employed with pNC283, pNC284, pNC306, and
pNC307 to obtain populations of clones with overlapping
inserts for DNA sequence determination (33). The plasmids
pNC283 and pNC284 have the PstI fragment (a) of YEp13-52
(Fig. 2) inserted in opposite orientations at the PstI site of the
S. cerevisiae-E. coli phagemid vector pNC160 (51). The plas-
mids pNC306 and pNC307 have the overlapping 1.3-kb BglII
fragment (b) from YEp13-52.4 (Fig. 2) inserted in opposite
orientations at the BamHI site of the S. cerevisiae-E. coli
phagemid vector pNC161 (51). Single-strand template DNA
was prepared with helper phage M13K07 (64). The MOT2
DNA sequence was determined for both strands by the chain
termination method using standard procedures (5). DNA
sequence data were assembled by using DBSYSTEM pro-
grams on a VAX computer (57). The computation for data
base searches was performed on 16 July 1993 at the National
Center for Biotechnology Information with the BLAST net-
work service.
MOT2 deletion and GAL1O promoter constructions. The
plasmid pNC339 carries the mot2-A2::hisG::URA3 deletion
allele used for MOT2 chromosomal replacement. This allele
has MOT2 sequences between nucleotides 679 and 2344 re-
placed with the hisG::URA3 sequence described by Alani et al.
(2) (Fig. 3). To provide additional restriction sites that were
useful for DNA manipulations, the 3.8-kb BamHI-BglII
hisG::URA3 fragment from pNKY51 was cloned into the
BamHI site of pUCI 18 to give the plasmid pNC330 (2, 64).
The 1.0-kb XhoI-SmaI fragment (c) (Fig. 2) from YEp13-52
was cloned into the SalI-XbaI (end-repaired) sites of the
pNC330 polylinker to give pNC335. The 0.7-kb MOT2 frag-
ment (d) (Fig. 2) was derived from one of the exonuclease III
deletion clones of pNC283 (described above). The polylinker
sites in the pNC283 derivative allowed us to isolate the MOT2
3' sequence as the HindlIl (end-repaired)-SacI fragment (d).
This fragment was inserted into the BamHI (end-repaired)-
Sacd sites flanking the hisG::URA3 sequence in pNC335. The
pNC339 fragment used for chromosomal gene replacements
was obtained by digestion with EcoRI, which cleaves in the
MOT2 3' noncoding region, and SphI, which cleaves in the
polylinker 5' to MOT2 sequences.
The plasmid pNC363 allows regulated expression of MOT2
in yeast cells and provides for immune detection of the protein.
The allele carried on this plasmid has the MOT2 coding
sequence placed downstream of the GALI, 10 promoter and in
frame with a human c-myc epitope coding sequence (29, 38).
To construct pNC363, a 1,763-bp MOT2 fragment that con-
tains the entire open reading frame was isolated by PCR
amplification using oligonucleotides RC52.10 (5'-GGGAAT
TCGTCATAATGATG) and RC52.12 (5'-GGTCTAGAAC
CGGCGATAAT) as primers. The 5' primer and 3' primers
included EcoRI and XbaI recognition sites, respectively. This
design allowed the PCR-amplified fragment to be cloned into
EcoRI- and XbaI-digested pGA1809, which is a pNC161-based
vector that contains the GAL1,10 promoter and c-myc epitope
coding sequences (G. Ammerer, Vienna, Austria) (29, 38, 51).
We confirmed that the GAL-MOT2 allele was functional by its
galactose-dependent ability to complement the cell lysis defect
of the mot2A mutation.
We used the same strategy with 5' primer RC52.10 and 3'
primer RC52.15 (5'-GGTTCIAGAAGGATCThTTGTA) to
construct the plasmid pNC366. This plasmid allows GAL1O
promoter-dependent expression of a myc epitope-tagged
Mot2p that is truncated at amino acid 419 (Mot2p419). The
Mot2p4"9 derivative expressed from its own promoter (YEp13-
52) or under control of the GALIO promoter is only partially
functional, because it weakly complements the mot2A cell lysis
defect.
Other plasmids and DNA hybridization probes. The FUS1-
lacZ reporter gene plasmids pGA1716 and pGA1706 have
been described previously (52). Various probes for hybridiza-
tion analyses were prepared from DNA fragments isolated
from plasmids as follows: MOT2 from pNC285, FUS3 from
pEE81 (28), STE4 from pL19 (65), STE5 from pSF15 (V.
MacKay, Zymogenetics, Inc., Seattle, Wash.), STE11 from
pSTE11.1 (13), STE12 from pNC228 (29), STE7 from pSTE7.4
(60), KSS1 from pBC65 (20), MSG5 from YCp5O-MSG5 (24),
FUSI from pSL589 (31),ACT] from pYACT1 (46), and CYC1
from pBUG (4).
RNA analyses. Total cellular RNA was prepared by the
glass-bead lysis and extraction method from cell cultures grown
in YPD medium to a density of 1 x 107 to 2 x 107 cells per
ml (11). Where pheromone-induced cultures are specified,
a-factor was added to a final concentration of 5 ,uM when the
cultures reached a density of 6 x 106 cells per ml. Samples
were removed at the indicated times after ao-factor addition,
and RNA was prepared as before. All a-factor used in these
studies was synthesized in the UNCCH-NIEHS Protein Chem-
istry Laboratory.
For Northern (RNA) blot analyses, RNA was glyoxal dena-
tured, fractionated on 1% agarose gels in 10 mM phosphate
buffer, and transferred to Zetaprobe nylon membrane (Bio-
Rad Laboratories) (61). Conditions for hybridization and
washing were as described by Cameron et al. (12). The
hybridization signals corresponding to different RNAs were
quantified with a Molecular Devices Phosphorlmager.
5' mRNA end mapping was done by primer extension using
previously described procedures (52). The oligonucleotide
primer RC52-9 (5'-GGCGTTGTGGATTGCTITGC) was la-
beled at the 5' end with polynucleotide kinase and [-y-32P]ATP
(New England Nuclear). A reference 35S-labeled DNA se-
quence ladder was generated with the unlabeled oligonucleo-
tide RC52-9 as a primer and pNC283 DNA as a template. The
extension products were analyzed by electrophoresis on 8%
denaturing polyacrylamide gels.
Immune blot analyses. Myc-epitope-tagged Ste7p contain-
ing protein extracts were prepared and analyzed by immune
L-ki-
VOL. 14, 1994
H E G G
V I
3142 CADE AND ERREDE MOL. CELL. BIOL.
A.
PatI 10 30 50 70 90 110
130 150 170 190 210 230
250 270 290 310 330 350
370 390 orf stop 410 430 450 470
490 510 530 550 570 590
assacaisTAGavac2sssTaaTssTTTs ATAATTTaJ=CkGCOakaaTaccaTGLaAaCGCTAsaTaaATaCTcATCsCTGTACGCCGcOAaACCTGATA&TTATTsTTaaacTA
610 630 650 670 SI 690 710
CSACCTOOTCOAMTTZATATCOACOCSCTAaAATOJaTGACTTSACC0AAaCTTCCACTTCaTTaSCCaTCTCTCCC'GGaTAACTTGTaAOGTCSAATATGATTSTTTSTTTTGT
730 750 770 790 810 11 830
TCTCTTTTCJahaT GaaaaacaaTcTCAhaaAcaaTATaaTaCACTAkACCCTCAGTc OTTTacTC¢AGAGTTCaaTTAATTACaGaCTTTaTGPTassCTCTaCAaCh
850 870 890 910 930 950
MUM PM9 V Q IN LQ0 A XI EALS 3
970 990 1010 1030 1050 1070
TTGAaTACOiQTSACACAYJTTSCTSTTTGTATTGRA CAATGATATTACTCATAAAziATTTTTTTCCSTTTCCCTOTGaTTATCaARATTTaTCATTTr D T S r L SI D Z E D Y C P L C IT PM D I T D XE I V P C P c G Y Q X C Q0
1090 1110 1130 1150 1170 1190
TCstCaTCaATaATcAT AQiTAKaTcaTGCOTaCiCAGCTCswATTAcascaATaaTGAcTGasACaTACTAGafaaAasATsacGTCACATTATCCsCGa¢OAGaTivAAAAATOaaa
1210 1230 1250 1270 1290 JpnX 1310
Ra xQAAQ6TCQC A^* E^ R s^ ^^ XAlzaysiclAaRaa AaHTCTr.GTaaATCQCAcTTaGTCCAAAaaaAasTLTaTA
1330 1350 1370 1390 1410 1430
TAcaTSaTa=6wATcACc6TCCTGTTCCiTAC A;^GsscScscCACTCTAACTGAAAATATTTTGaCCAATATG CAATAATkAAATT^AkTA^ATAGAACACCCTYV OV TEX l?P V P Y 2EV AP T LXR8RRQEXYVOQT IENXXIV VEEXRTIP
1450 1470 1490 HI 1530 1550
CATTCT 11AaccaA cATTAsTsacTCACCTsCAcaTTCACcaG"ArOTAAACTTCGGas CCAAscscasccTaccicATccGaaaTAscTArcT TAMWOWsACOTATM * NNE T S MH Y HM S P C Y G V Y I S * G S X D D A A R C I A Q V D 0 ! Y
1570 1590 1610 1630 1650 1670
ATOCATOACCOCCATaCA WWCACyCaTATACTAAATCTGTTAayCTTASSTTCTyMASSATTC.CASTGCCCAAATCCCAACCTTTTTTWATGATCCTOGSaCTsM D0ERLIXRA A YGT TX!YC SE8 Y L RGL PC?P EPENCM FLMI2PO32A
1690 1710 1730 1750 BglII 1770 1790
D * VEX LREQ QAL Q Q S Q S T A TT R 2 0 1 BNIME I ST S9T AG SEN
1810 1830 1850 1870 1890 1910 PatT
T N L L S * N F T 0 T P s SP A AE R A Q L H H D 8 H T NATAOT PV LT P A P V P
1930 1950 1970 1990 2010 PutI
OZAaAOSEAPECCVTaaGaTTACSCAATAGCACCTVTaaCCTSCTEATCLATCTCXTCTAEAAACA A CTSEETEL ACTTLED S LOMTaX
2050 2070 2090 2110 2130 2150
A^CCCC * ATTCQxQCAgaCATcaASCMSSCTSAACC"TWCMTTACCIaaSSaAMTRCACTCCaaCSATGTACKi ^KCA^$TOLSC GCXGAXiC CTTIP TT3EN IT S T TT T TEN ENA TE 5MGH08 XXXQ S A A I !X D
2170 2190 2210 2230 2250 2270
DALaOE,AcTAaGrahTocT;TTrAVD TT LDA L SEEAPCTAcATTCTCTATCAA TA GAAG1C5CCCTAA8TIAKSET IDEITY
2290 2310 2330 2350 2370 2390
YTATCCO8T TGJTTSCT GDaCAGGTSCCTCAaCAAAAATACAATAaSCATTAGCCACAAChhTCTGTGGAGACCTCGaCTAASA aCCAsaTGACTACRCTaCssTaTCTG siTI S LI S2 D K T AS XX S9D E T L AENX L VII L A IX IXD Y TA S V V
2410 2430 2450 2470 2490 2510
CAATTCLT26AQaWTQTCAiTQTTaGSVAAT AaCAXaTCATaCAGATATCtCA¢AAATCCCACCCaA5A CAAT ACTSCQAACCAaISAAC TAaa5CVCs
Q I L Q S VENV 0 V E D E T TI T D E TX TIP T QP IT EL Q T V S Q Q T PQ lL
2530 2550 2570 2590 2610 2630
XACr.TChA(TiCCPCCTSCQCACaaCSMATCTTTaTTCCACAACATApAOSTTCCTATSCICAAATSQQT=ATACAACCTAAGARATCCTCTGhTTTACTAAATCAACTAATCAACE VE!? IP GI F GPQ HXV P I0Q QQQ G D T S SEE S D LLENQ L IE
2650 2670 2690 2710 2730 2750
GAMGAAiaaaTTASCOCCG'TAATTAATCCGACTCTAaASATSTTTTCTTGTTGSCATTSAAATAATTTTATCTATTTTATTTCTCATATCATATAATSCTCTCCGTTTATARCaaAaS0 R X I I A 0 E ***
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B. Mot2p site I -C-x2 -C-x13 -C-X1 -C-
Mot2p site II -C-x2 -C-X13 -C-X2 -C-Zn-twist -C-X1.-2-CX2-13 -C-XO-2-C-
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FIG. 3. (A) MOT2 DNA and predicted protein sequences. Transcriptional features are a TATA-like sequence (nucleotides 616 to 621,
underlined), the major transcription start site (nucleotide 815 [4L], position -88 with respect to the putative ATG initiation codon), and a
consensus transcription termination sequence (nucleotides 2847 to 2871, double underlined). The predicted MOT2 coding sequence begins with
an ATG at position 904 and ends with a TAA termination codon at position 2667. The sequenced interval includes an unidentified open reading
frame (orf) which begins at position 1 and ends with a TAA termination codon at position 405. Nucleotides 3206 to 3108 of the sequenced interval
are identical to nucleotides 1 to 83 of the published ARG5,6 sequence (8). Restriction enzyme sites for SmaI (677), KpnI (1291), BamHI (1510),
BglII (1753), Pstl (1, 1919, and 2026), and EcoRI (3026) are shown. (B) Relationship of Mot2p zinc finger-like motifs to known zinc binding motifs.
The two motifs in the Mot2 predicted protein sequence are underlined in panel A. The standard one-letter code for amino acids is used, and X
represents any amino acid.
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TABLE 2. Comparison of MOT2, MOT2-419, and mot2A2 alleles for suppressor activity
Mating 13-Galactosidase activity (U)'Strain (plasmid) Relevant genotvpe"'iiny nnue nueefficiency" Uninduced Induced
DH259(pSTE1.1) stell-S626 MOT2 (STEII) 1.0 250 ± 30 2,100 170
DH259(YEp13) stell-S626 MOT2 3 x 10-6 6 ± 1 11 ± I
DH259(YEp13-52) stell-S626 MOT2 (MOT2-419) 1 x 10-3 70 ± 22 70 ± 13
DH259(YEp13-52.4) stell-S626 MOT2 (MOT2) 1 x 10-5 7 ± 2 11 ± 3
RC12-1C(YEp13) stell-S626 mot2-A2 ND 78 ± 3 108 ± 35
RC12-20C(YEp13) stell-S626 mot2-A2 ND 76 ± 10 ND
"Genotypes in parentheses specify plasmid alleles.
"Mating efficiencies were determined at 34°C, which is the nonpermissive temperature for the stell-S626 mutation. The values reported for each strain are ratios
relative to the DH259 (pSTEl 1.1) control strain. Absolute mating efficiencies were determined by using tester strain D887-6D as described in Materials and Methods.
'*Units of ,-galactosidase activity are milliunits of optical density at 420 nm per minute per milligram of protein. Values are the averages ± deviations for three
assays, with each extract prepared from at least two independent isolates of each transformation. Cultures were grown at 28°C, a semipermissive temperature for the
stell-S626 mutation. ND, not determined.
blot procedures using anti-Myc monoclonal antibodies as
described by Zhou et al. (69).
Mating response pathway assays. Qualitative and quantita-
tive mating assays and G, arrest assays were done as previously
described (69). FUSI-lacZ expression was evaluated by the
amount of ,B-galactosidase activity measured from whole-cell
protein extracts as previously described (52).
Cell lysis assays. The conditional cell lysis phenotype asso-
ciated with loss of Mot2p function was assessed by two criteria
(41, 42). The first is a rapid loss of cell viability at the restrictive
temperature, which is accompanied by the appearance of
nonrefractile ghosts. The second is the ability of osmotic
stabilizer (0.5 to 1 M sorbitol) to rescue viability at the
restrictive temperature.
Nucleotide sequence accession number. The GenBank/
EMBL accession number for MOT2 is L26309.
RESULTS
Isolation and characterization of stell dosage suppressors.
To identify regulators of pheromone response, we isolated
dosage suppressors of a temperature-sensitive stell-S626 mu-
tation (32, 50). The stell-S626 strain was transformed with a
yeast genomic DNA library made in a vector that is maintained
at a high copy number (44). Clones with suppressor activity
were identified by their ability to alleviate the transcriptional
and mating defects that are characteristic of the stell mutant
strain at the restrictive temperature. Transcriptional suppres-
sion was scored by using the FUSJ-lacZ reporter gene that
serves as a convenient indicator of Stellp-dependent gene
expression (52). From a screen of -12,000 transformed colo-
nies, we identified 33 isolates that scored positive for FUS]-
lacZ expression and showed increased mating competence at
the nonpermissive temperature. (See Materials and Methods.)
We tested whether any plasmids with suppressing activity
carried STE]] or other known components of the pheromone
response pathway. Colony hybridization analysis with probes
for STE4, STE5, STE]l, STE7, FUS3, and STE12 identified
seven isolates as clones of STE5 and four isolates as clones of
STE7. None of the isolates were clones of STEIJ, even though
we used the same library from which STE]] was originally
isolated. Restriction endonuclease mapping of the remaining
22 plasmids showed that the inserts represent 10 different loci.
The strongest dosage suppressor was plasmid YEp13-52,
which increased the amount of FUSI-lacZ expression under
noninducing conditions about 10-fold above that for the con-
trol strain (YEp13) (Table 2). In this quantitative FUSI-lacZ
expressionassay, the STE5 plasmids showed moderate suppres-
sor activity (threefold more than the YEpl3 control strain) and
STE7 plasmids showed very weak suppressor activity (less than
twofold more than the YEP13 control strain.) Notably, the
amount of 3-galactosidase produced in the strain with the
YEp13-52 suppressor clone did not increase under phero-
mone-inducing conditions (Table 2). This result suggests that
the YEp13-52 suppressor gene affects the basal but not the
pheromone-induced transcriptional response. In quantitative
mating assays, the YEp13-52 clone increased the mating
efficiency of the stell-S626 mutant strain about 300-fold above
that for the control (Table 2).
We focused efforts on further characterization of YEpl3-52
and tested whether it was an allele-specific dosage suppressor.
Using the filter assay for ,B-galactosidase production and the
patch test for mating competence, we found that YEp13-52
suppressed the mating response defects of three different
stellJS alleles (stell-F121, stell-D548, and stell-V702) but not
a stell deletion (data not shown). The ability of YEp13-52 to
suppress different stell missense mutations showed that the
suppressor gene is not allele specific. Additionally, the inability
of YEp13-52 to suppress the stell deletion mutation showed
that it does not bypass the requirement for Stellp in signal
transmission.
MOT2 nucleotide sequence and predicted protein. On the
basis of findings from analyses described in subsequent sec-
tions of this paper, we gave the name MOT2 (modulator of
transcription) to the gene associated with the suppressing
activity of YEp13-52. To locate the MOT2 sequences, we
subcloned portions of the 8.7-kb genomic DNA insert of
YEp13-52 and tested each for suppression of the stell-S626
mutation in strain DH259 (data not shown). The necessary
sequences were contained within a 2.1-kb PstI fragment at one
end of the genomic DNA insert (Fig. 2, fragment a). The DNA
sequence of this fragment revealed an open reading frame that
extended to the end of the cloned interval without a transla-
tional stop codon (Fig. 3A, positions 904 to 2148). To complete
the MOT2 DNA sequence, a clone with an overlapping DNA
insert (YEpl3-52.4) was isolated from the genomic library by
hybridization methods. The final sequence consists of 3,108
nucleotides (Fig. 3A). An ATG at position 904 is followed by
an open reading frame terminating with a TAA codon at
position 2667. A protein of 587 amino acids and a calculated
molecular mass of 65,354 Da is predicted by this reading frame.
The predicted Mot2p protein was compared with other
proteins in the GenBank/EMBL data base and did not show
significant similarity to any known proteins. One notable
feature is an N-terminal cysteine-rich domain (amino acids 33
to 77). The distribution of cysteines in this domain suggests two
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FIG. 4. (A) Northern blot analysis of MOT2 mRNA. Lane 1, RNA
from a mot2A strain (C699-7); lanes 2 to 4, RNAs from MOT2 strains
of the indicated a/a, at, or a cell types (C842-4, C700, and C699,
respectively); lanes 5 to 7, RNA from an a cell type culture (strain
C699) at the indicated times during pheromone induction (5 ~I.M
a-factor). Twenty micrograms of total RNA was used for each lane. To
normalize for loading and transfer, the same blot was stripped and
then hybridized to an ACT] probe. The ratios of the MOT2-to-ACT]
hybridization signals as measured by phosphorimage analysis are given
below the lane numbers for each sample. (B) MOT2 5' mRNA map
positions determined by primer extension analysis (arrow). Lane 5,
mock reaction with no RNA; lane 6, control reaction using 50 pLg of
total RNA from mot2A strain C699-7; lanes 7 and 8, extension
products using 50 p.g of total RNA from MOT2 strain C699 either
without induction (-) or after 2 h of exposure to 5 p.M a-factor (+);
lanes 1 to 4, dideoxy sequencing products showing the nucleotide
sequence of the noncoding strand.
potential Zn binding sites separated by 4 amino acids (Fig. 3A
and B). The Mot2p sites are different from the classical TFIIIA
Zn finger or the fungal transcription factor cluster but have
some similarity to the steroid receptor Zn twist that is impli-
cated in protein dimerization (18) (Fig. 3B). If the Mot2p
cysteine groups are viewed as a single cluster, the domain has
some resemblance to the phorbol ester binding motif of Pkc
(47).
MOT2 mRNA. Northern analysis of mRNA with a MOT2
DNA probe revealed a single major message of approximately
2.1 kb. This transcript was observed in MOT2 cells of alot, at,
and a cell types (Fig. 4A, lanes 2 to 4). Phosphorimage analysis
of the MOT2 signal relative to a control mRNA,ACTI, showed
that the MOT2 mRNA is produced in the same amounts in the
a and ot haploid cell types, but production is approximately
twofold greater in the a/ot diploid cell type. Additionally, the
pheromone-induced state does not affect the steady-state
amount of MOT2 mRNA (Fig. 4A, lanes 4 to 7). The 5' end of
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FIG. 5. (A) Osmotic remedial, temperature-sensitive growth defect
of mot2A segregrants. Spore segregants from strain C842-2
(MOT2Imot2-A2::URA3::hisG) were separated by tetrad dissection.
The separated spore segregants were then incubated for 3 days at 22,
30, or 37°C on either YPD or YPD plus 1 M sorbitol medium, as
indicated. (B) Survival of the mot2 deletion mutant after transfer to
medium without an osmotic stabilizing agent. Cells were grown
logarithmically at 37°C in osmotically stabilized medium (YPD sup-
plemented with 0.5 M sorbitol) and diluted at time zero into unstabi-
lized medium (YPD). Samples were taken at the indicated times and
plated for CFU on sorbitol-containing medium at 22°C. The reference
values for CFU of both cultures were determined at time zero by
dilution into YPD plus 0.5 M sorbitol. The strains used were C842
(MOT2) and C842-4 (mot2-A2).
method. One major extension product specific for MOT2 was
observed, and it maps to position -88 with respect to the
presumed ATG initiation codon (Fig. 3 and 4B).
MOT2 null mutant strains have a conditional cell lysis
phenotype. To make a mot2A gene disruption, we first con-
structed strain C842-2, which was heterozygous for the mot2A
allele (MOT2/mot2-A2::URA3::hisG). After sporulation of
strain C842-2 and tetrad dissection, we tested the recovery of
spore segregants at three temperatures (25, 30, and 37°C).
When spore segregants were germinated on YPD at 25 or
30°C, there was a segregation pattern of two small Ura+
colonies and two large Ura- colonies (Fig. 5A). Southern
analysis of DNA isolated from representative segregants con-
firmed that the Ura+ segregants contained the mot21 allele
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TABLE 3. MOT2 negatively regulates basal activity of the
pheromone response pathway
,B-Galactosidase
Strain (plasmid)" Relevant genotype" activity (U)'
Uninduced Induced
C699 (none) MOT2 100 ± 36 2,600 ± 530
C699-7 (none) mot2-A2 460 ± 74 3,000 ± 350
C699(pNC160) MOT2 80 ± 4 N.D.
C699(pNC363) MOT2 (GAL-MOT2) 90 ± 8 N.D.
C699(pNC366) MOT2 (GAL-MOT2-419) 190 ± 9 N.D.
C699-7(pNC160) mot2-A2 250 ± 35 N.D.
C699-7(pNC363) mot2-A2 (GAL-MOT2) 110 ± 24 N.D.
C699-7(pNC366) mot2-A2 (GAL-MOT2-419) 230 ± 50 N.D.
a All strains were grown on osmotically stabilized medium (0.5 M sorbitol) at
30°C. The cultures without plasmids were grown in medium with glucose as the
carbon source, whereas other cultures were grown in medium with galactose.
b Genotypes in parentheses specify plasmid alleles.
c Units of ,B-galactosidase activity are milliunits of optical density at 420 nm
per minute per milligram of protein. Values reported are the averages ±
deviations for three assays with extracts from three independent cultures. N.D.,
not determined. Note that the effect of mot2A or MOT2-419 is greater when
cultures are grown in glucose (fivefold) than with galactose (threefold) medium.
MSG5 *
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FIG. 6. Northern blot analysis showing the effect of mot2A on
mating-specific gene expression. Samples are 20 jig of RNA each from
wild-type (WT) strain C699, mot2A strain C699-7, and steJ2A strain
C699-2, as specified above each lane. The ratio of hybridization signals
for the indicated mRNA (upper signal) and CYCI signal was measured
by phosphorimage analysis and used to normalize for loading and
transfer. The relative amounts (Amt) are the signal ratios for the
indicated mRNAs and CYC1 relative to that for the wild-type sample.
(A, C, D, E, and F) RNA blots were simultaneously hybridized to the
indicated DNA probe and to a reference CYCI probe. (B) The blot
shown in panel A was stripped and rehybridized to an ACT] probe.
shown). When spore segregants were allowed to germinate on
YPD at 37°C, only two spores from each tetrad grew into
visible colonies (Fig. 5A). All viable segregants had the Ura-
phenotype associated with the MOT2 allele.
Microscopic examination of the nonviable segregants re-
vealed microcolonies in which the majority of cells appeared as
nonrefractile ghosts. This appearance suggested to us that
lethality was caused by cell lysis. To test this possibility, spore
segregants from tetrad dissection were allowed to germinate at
37°C on osmotically stabilized medium (YPD plus 1 M sorbi-
tol). Under these conditions, all four segregants gave rise to
viable colonies (Fig. SA). The small colonies were all Ura+
(mot2-A2::URA3::hisG) and large colonies were Ura-
(MOT2).
To further examine the osmotic instability of the mot2A
mutant, we compared the viability of strain C842-4 cells
maintained at the nonpermissive temperature (37°C) in osmot-
ically stabilized medium (YPD plus 0.5 M sorbitol) to those
that were shifted to unstabilized medium (YPD). An isogenic
wild-type strain (C842) was used as a reference. At the
indicated times after dilution into YPD, cells were plated to
assess viability as measured by colonies that formed at 22°C.
Within the first minute after dilution in unstabilized YPD
medium, cell viability of the mot2A cell population dropped
60% compared with the viability of the reference culture of
MOT2 cells (Fig. SB). After 4 h (the doubling time at 37°C for
the wild-type reference strain), less than 5% of the mot2.A cells
were viable. The number of viable cells observed at the first
time point after dilution into unstabilized medium corre-
sponded closely to the number of unbudded cells in the
population at time zero (50%). The timing for the subsequent
drop in viability correlated with progression through the cell
cycle. This behavior is consistent with cell lysis occurring
during bud emergence and growth.
Overproduction of Mot2p419 interferes with Mot2p function.
Because the original clone that was isolated as a dosage
suppressor of stell-S626 encodes a truncated version of
Mot2p, we tested whether the full-length protein would also
function in this capacity. Whereas YEp13-52 (MOT2-419)
caused a 10-fold increase in ,B-galactosidase expression in the
stell-S626 FUS1-lacZ strain (DH259), the YEp13-52.4 clone
(MOT2) did not increase P-galactosidase activity above the
YEp13 background amount (Table 2). Similar results were
obtained with quantitative mating assays (Table 2).
This outcome suggested to us that the suppressing activity of
Mot2p419 could result from dominant interference with the
endogenously produced Mot2p. To test this hypothesis, we
asked whether the chromosomal deletion of MOT2 (mot2A)
would have an effect on suppression of the stell-S626 mutation
similar to that of the MOT2-419 allele. The amount of 3-ga-
lactosidase expressed in the stell-S626 mot2A FUSI-lacZ
strain was similar to that measured for the isogenic MOT2
strain with YEp13-52 (Table 2). This result eliminates the
possibility that the MOT2-419 allele is a gain-of-function
mutation and suggests instead that Mot2p419 interferes with
the effects that Mot2p has on the basal activity of the mating
response.
To further examine the role of Mot2p, we tested whether the
absence of Mot2p would affect FUSI-lacZ expression when
there was no defect in Stellp. While there was no signifi-
cant difference in the amount of 3-galactosidase produced
under pheromone-induced conditions, the mot2A STEI I strain
(C699-7) produced approximately fivefold greater amounts of
,B-galactosidase than the MOT2 STEll strain (C699) under
uninduced conditions (Table 3). These results reinforce the
conclusion that Mot2p acts as a negative regulator of the basal
but not the pheromone-induced transcriptional response. Ad-
ditionally, for strains with a completely functional mating
response pathway, loss of Mot2p has more modest effects on
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the transcriptional response than for the stell-S626 strain in
which basal activity of the pathway is compromised (Tables 2
and 3).
We next compared FUSI-lacZ expression in STE]l MOT2
and STEJ1 mot2-A2 strains that produced the full-length Mot2
protein or the Mot2p419 protein under control of the potent
and galactose-regulated GAL1O promoter. For a reason that
we do not understand, there is only a threefold effect of mot2A
when galactose is the carbon source [Table 3, C699-7
(pNC160) relative to C699(pNC160)], compared with the
fivefold effect observed with glucose medium (Table 3, C699-7
[none] relative to C699 [none]). Nevertheless, the MOT2 strain
that produced Mot2p419 [C699(pNC366)] showed a twofold
increase in 0-galactosidase activity compared with that of the
controls [C699(pNC160) and C699(pNC363)]. This activity is
comparable to the threefold increase in 3-galactosidase activity
found for the strain with a chromosomal deletion of the MOT2
gene [C699-7(pNC160)]. Production of Mot2p419 in the dele-
tion background caused no further enhancement of 3-galacto-
sidase activity [compare C699-7(pNC366) with C699-7
(pNC160)]. These results are consistent with the view that the
Mot2p419 interferes with the full-length protein. However, the
truncation allele is not fully dominant, because the effect of
GAL-MOT2-419 expression in MOT2 cells is somewhat less
than what is observed when no Mot2p is present (i.e., mot2A
cells).
Deletion of MOT2 increases gene expression of pheromone
response pathway components. To confirm deductions made
about reporter gene product activities, we measured steady-
state amounts of FUS] mRNA by Northern blot analysis (Fig.
6). To make comparisons between different genetic back-
grounds, we used phosphorimage analysis to measure the ratio
of the FUSI mRNA hybridization signal to that for CYCJ
mRNA. In Fig. 6, the amounts reported below each lane are
the ratios relative to the wild-type sample. The approximate
threefold increase in the amount of FUS] mRNA in mot2A
over that for MOT2 cells is similar to what we observed for the
FUS1-lacZ reporter product (Fig. 6A and Table 3). We
reprobed this blot to compare CYC1 mRNA andACT] mRNA
signals (Fig. 6B). The essentially constant ratio for CYCI and
ACTI signals shows that CYC1 expression was not affected by
MOT2 or STE12 genetic background and is thus an appropri-
ate internal reference.
FUS1 expression is known to be increased by overproduction
of either the Ste4p G, signal transducer or the Stel2p tran-
scription factor (25, 65). Therefore, we tested whether the
effects of the mot2A mutation could be attributed to modula-
tion of either STE4 or STE12 expression. Because neither
STE4 nor STE12 mRNA levels were increased in the mot2A
background, it is unlikely that overexpression of either ac-
counts for the observed effects on FUS] expression (Fig. 6C
and D).
We also examined mRNA levels for other components or
regulators of the pheromone response. Approximately twofold
greater amounts of FUS3 and MSG5 mRNAs were present in
mot2A strains than in strains with MOT2 genetic background
(Fig. 6E and F). By contrast, STEll and KSS1 mRNA levels
were unaffected (data not shown). Interestingly, a feature that
distinguishes FUSJ, FUS3, and MSG5 from STE4, STE12,
STEJ], and KSS1 is that expression of the former group is
pheromone inducible (24, 28, 43, 62). Because Stel2p mediates
pheromone-inducible transcription, we thought that repression
by Mot2p might be dependent on Stel2p. Surprisingly, Mot2p
effects are independent of Stel2p. Whether cells express
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FIG. 7. Northern blot showing the effect of mot2A in STE12 and
stel2/ genetic backgrounds. Samples are 20 p.g of RNA each from
STE12 MOT2 (strain C699), STE12 mot2A (strain C699-7), ste12A
MOT2 (strain C699-2), and steJ2A mot2A (strain C699-9) genetic
backgrounds, as indicated. The ratio of the hybridization signal for
FUS3 to CYCI mRNA (FUS3/CYCI) is given below each lane.
threefold more FUS3 mRNA in mot2A strains than in strains
with MOT2 genetic background (Fig. 7).
Loss of Mot2p does not directly affect signal transmission
activity of the mating response pathway. The finding that the
effects of Mot2p on gene expression are independent of Stel2p
suggests that Mot2p does not function by inhibiting basal signal
transmission activity. However, the above experiment does not
rule out the possibility that the mating response signal pathway
has target transcription factors besides Stel2p. Therefore, we
made a more direct test to see whether mot2A affects basal
signal transmission activity. Ste7p accumulates in a hyperphos-
phorylated form when the signal pathway is activated exter-
nally by a pheromone or internally by expression of activated
forms of Stellp (58, 69). Ste7p hyperphosphorylation is de-
pendent on components that function prior to Ste7p in signal
transmission and on activity of Fus3p and Ksslp (69). There-
fore, its phosphorylation state provides an internal monitor for
the activity of the signal pathway between the G protein and
the Fus3p/Ksslp enzymes.
Because hyperphosphorylated Ste7p has less mobility on
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) than Ste7p from unstimulated cells, we used
SDS-PAGE and immune blot procedures to evaluate Ste7p
phosphorylation (69). When protein extracts were prepared
from either basal or pheromone-stimulated cultures, there was
no difference in the relative amounts of hyperphosphorylated
Ste7p isolated from the mot2A and MOT2 genetic backgrounds
(Fig. 8). A STE7 gain-of-function allele that causes an increase
in FUSl-lacZ expression similar to that of the mot2A mutation
caused complete hyperphosphorylation of Ste7p in the absence
of pheromone stimulation (68). Therefore, we believe the
failure to observe increased Ste7p hyperphosphorylation under
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FIG. 8. Comparison of Ste7p hyperphosphorylation in MOT2 and
mot2A genetic backgrounds. Protein extracts (75 ,ug) from uninduced
(basal) and pheromone-induced (5 ,uM ao-factor) cultures (at 22°C) of
strains C699 pNC318 (MOT2 CYCI-STE7M) and C699-7(pNC318)
(mot2-A2 CYCJ-STE7M) were fractionated by SDS-PAGE and trans-
ferred to nitrocellulose membranes for immune detection of the
different mobility Ste7Mp isoforms. The position of the hyperphos-
phorylated Ste7Mp is indicated by the arrow to the left of the immune
blot.
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uninduced conditions in the mot2X background is a significant
result. The implication is that Mot2p does not affect basal
signal transmission activity up to the Fus3p/Ksslp step in the
pathway. This result is also consistent with Mot2p acting
independently of the Stel2p transcription factor.
DISCUSSION
Role of Mot2p in the mating response. We identified a
truncation allele of MOT2 (MOT2-419) by its ability to sup-
press the mating and basal transcriptional defects caused by a
conditional stel l mutation. Interestingly, overexpression of the
full-length protein was unable to suppress the defects of the
stell mutant strain. However, the truncation allele is not a
gain-of-function mutation, because the MOT2-419 truncation
and mot2. null mutations have the same suppressing activity.
The simplest explanation for this behavior is that overex-
pressed Mot2p41" interferes with the function of endogenously
expressed Mot2p. Such interference could result if Mot2p
function requires complex formations either with itself or other
proteins. According to this model, the N-terminal domain of
Mot2p includes the key elements for interaction but not for
activity. It then follows that overexpression of the Mot2411
protein could disrupt the formation of the functional complex.
In this regard, the zinc twist-like motif at the N terminus of
Mot2p might be an important element of the postulated
interaction domain.
Analysis of mot2A null mutant strains provided evidence
that Mot2p is a negative regulator of basal mating response
activities. An absence of Mot2p causes increased basal expres-
sion of some mating-specific genes. These genes include FUS],
which encodes an enzyme that catalyzes a critical event in cell
fusion during mating and FUS3 and MSG5, which are positive
and negative elements of pheromone-induced signal transduc-
tion, respectively (24, 28, 43, 62). These effects are consistent
with Mot2p repressing gene expression in the absence of
pheromone stimulation. Although the Mot2p effects on indi-
vidual genes are modest, the phenotypic consequences of the
sum of these perturbations can be significant, particularly
under conditions in which the signal transduction pathway is
partially impaired. Given that Mot2p regulates mating-specific
genes, such as FUSI, its role may be to repress expression of
the mating machinery when no mating partner is present.
Because it also affects the balance of positive and negative
elements of the signal transduction pathway, Mot2p may also
contribute to establishing a basal signal activity that is appro-
priate for optimal response to pheromones.
Other roles for Mot2p. Mot2p is likely to be a global
negative regulator of gene expression. Irie et al. (35) have
evidence from reporter gene constructs that Mot2p negatively
regulates expression of GAL7 and PH084, neither of which are
related to the mating response. In addition, we have found that
mot2A cells are resistant to higher concentrations of amino-
triazole than MOT2 cells (100 mM compared with 25 mM,
respectively). Because the extent of amino-triazole resistance
is directly proportional to the amount of glycerol phosphate
dehydratase (His3p) produced by the cell, this result is consis-
tent with Mot2p also being a negative regulator of HIS3 gene
expression.
The conditional cell lysis phenotype of the mot2A mutation
also shows that Mot2p regulates responses in addition to
mating. This phenotype of the mot2 deletion mutation is
strikingly similar to what has been reported for mutations that
affect construction of the yeast cell wall (see, for example,
references 41 and 42). Regulation of cell wall construction is
mediated by Pkcl p, the yeast homolog of protein kinase C, and
a kinase cascade analogous to that of the mating response
pathway (for a review, see reference 30). If Mot2p affects the
activity of this pathway and its associated response, the mot2A
null mutant phenotype shows that its role is formally as a
positive rather than a negative regulator. In light of Mot2p's
negative effects on mating-specific and other gene expression,
an interesting speculation is that the primary effect of Mot2p in
the cell wall construction response is to repress expression of
an as yet unidentified negative element.
Mot2p as negative regulator of gene expression. Two obser-
vations indicate that the negative effects of Mot2p on mating-
specific gene expression do not result from inhibition of signal
transmission activity in the mating pathway. First, the mot2A
mutation does not increase signal transmission activity be-
tween the G protein and the Fus3p/Ksslp MAP kinase ho-
mologs in the absence of pheromones. Second, the increase in
FUS3 mRNA that is caused by the mot2A mutation occurs in
the presence or absence of Stel2p. These outcomes are
consistent with Mot2p acting independently of the Stel2p
transcription factor at either the transcriptional or posttran-
scriptional level.
Other identified negative regulators of the mating response
include SRMI!PRP20, CDC72/NMTJ, and CDC39 (1, 17, 23,
45, 59). The Mot2p regulatory effects are clearly distinct from
those of SRMJ/PRP20 or NMT1. The SRMI/PRP20 product,
which is similar to mammalian RCCJ, is implicated in mRNA
processing and in DNA replication and mitosis (1, 17). CDC72/
NMTJ encodes an N-myristol transferase and is believed to
affect signal transmission activity by regulating G protein
subunit interaction through its myristolization of the Ga,_ sub-
unit (59). The Mot2p regulatory effects are more like those
reported for Cdc39p, which is a general negative regulator of
transcription. Additionally, Irie et al. (35) have presented
genetic evidence consistent with some functional relationship
between Mot2p and Cdc39p. Although the mechanism of
Cdc39p action is still not known, it is proposed to regulate
transcription either by affecting the general RNA polymerase
II machinery or by altering chromatin structure (19).
Another transcriptional regulator with a mutant phenotype
similar to the mot2z mutation is Motlp (22). Motlp has a
striking sequence similarity to known and putative RNA and
DNA helicases. The mot]-l allele causes constitutive expres-
sion of some but not all mating-specific genes in the absence of
Stel2p. Additionally, moti-] mutant cells were reported to
have a temperature-sensitive growth defect (22). Though the
molecular basis for their action may be different, the striking
similarity of the MOT2, CDC39, and MOT] mutant phenotypes
suggests that these gene products impinge on the same tran-
scriptional events.
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